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SUSPENSION 


(57) Abstract 


Intracellular material is released from bacterial, yeast, plant, animal, insect or human cells by the application of a low voltage such as 
I to 10 V to a suspension containing the cells. The conditions may be selected such that DNA released from the cells is clectrochemicallv 
denatured so as to be available for use in an amplification procedure. 
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The present invention relates to methods for producing 
release of intracellular material from cells. 

Current methods for cell lysis and isolation of cellular 
material are laborious and time consuming and require a number 
of steps. For example, the preparation of DNA from bacteria 
requires a protocol of no fewer than ten individual steps. 
To produce effective cell lysis in gram negative bacteria, 
treatment with reagents such as EDTA and digestion with 
enzymes such as lysosyme and RNase are required. This is 
followed by cold shock, osmotic shock or boiling in order to 
release cellular material. Multiple steps are then necessary 
to harvest nucleic acids from the lysed preparation. 

In the case genomic DNA isolation these are, following 
lysis of cells to release the DNA: - 

digestion of RNA and proteins with enzymes, 
removal of contaminants, usually by solvent extraction, 
and finally, dialysis or ethanol precipitation steps to 
give a clean preparation. 

Plasmid extraction comprises cell lysis and selective 
precipitation of genomic DNA followed by the purification of 
plasmid DNA by gradient centrifugation or by ion-exchange 
chromatography. DNA extraction techniques currently in use 
include phenol-chloroform extraction and salting out methods 
for genomic DNA, and cesium chloride/ethidium bromide density 
gradients, and ion-exchange columns, for plasmid DNA. In 
addition kits are widely used for purification of DNA and DNA 
fragments which are based on the precipitation of DNA under 
chaotropic conditions. All of these techniques have their 
limitations. For example, density gradients and phenol/ 
chloroform extraction are time consuming processes to use, 
Caking up to 24 hours to perform. In addition, the copious 
use of phenol for these purposes is highly undesirable due to 
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its toxic and caustic nature. Methods of isolating larfB 
fragments of DNA can result in DNA shearing. ^ 

is known that electroporation using voltages in the 
"* t ?.ange can produce release of intracellular material 

through the permeablised cell membrane produced transiently 
in the electroporation process; see for instance Brodelius 
P.E. Funk C, Shillito R.D., Plant Cell Reports 7, 186 ('lgslff^ 

and Powell R., Gannon, F., and Dunican L.K. Nuc. 

Acids Res. 17 , 10131 (1989). 

Electroporation involves the application of high 
voltages, typically in excess of 1 kV in pulses of short 
duration in the order of milliseconds. Generally, the field 
gradient between the electrodes across which the voltage is 
applied to a suspension containing the cells to be electro¬ 
porated will be in excess of 1 kV per cm. This requires 
sophisticated and expensive apparatus. 

It has now been found that it is possible to obtain 
release of intracellular material from cells by the 
application of voltages of a lower order of magnitude not 
previously thought to be capable of affecting cell membrane 
structure in such a way. 

Accordingly, the present invention provides a method of 
producing release of intracellular material from cells 
comprising applying a voltage of not more than 50 volts to a 
suspension of said cells. 

Preferably, the voltage is from 0.5 to 50 volts with a 
strong preference for voltages in the lower part of this range 
e.g. from 0.5 to 15 volts, most preferably from 1 to 10 volts. 

The voltage may be a DC voltage or an AC voltage. 

Unlike the practice in electroporation, the voltage may 
be applied continuously, subject to avoiding excess heating 
effects which may become a problem if the voltage is in excess 
of .o volts. Preferably the voltage is applied for a period 
- ea& >t 30 seconds, more preferably for at least 2 
minuses, e.g. from 2 to 20 minutes. Preferably the voltage 
is applied continuously for a period as specified above, but 
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this process may be repeated, e.g. by the application of 
voltage for repeated periods of several seconds to several 
minutes, e.g. 5 seconds to 10 minutes. 

The electrodes by which the voltage is applied may 
5 preferably be spaced by 10 mm or less, e.g. 5 to 7 mm. 
However, it may be preferred to optimise the conditions for 
producing denaturation of double-stranded DNA released from 
the cells, in which case a smaller electrode spacing will be 
desirable. To accomplish denaturation of released DNA, 
10 preferably the voltage is applied to the suspension between 
closely spaced electrodes, preferably not spaced by more than 
5 mm at their closest approach, e.g. by no more than 1.5 mm 
and most preferably by no more than 0.5 mm. 

One of the electrodes may be constituted by a container 
15 of conductive material in which the sample being treated is 
contained. 


The process may be conducted to produce cell lysis and 
to produce the release of intracellular materials including 
proteins and nucleic acids, including double stranded DNA, and 
20 other biomolecules. A process for producing denaturation of 
double-stranded nucleic acid utilising apparatus suitable for 
use in the present invention is described in Application 
vfapl PCT/GB95/0Q542. This process is itself an improvement on 
processes for electrochemical denaturation of double-stranded 
25 nucleic acid described in W092/04470 and W093/15224. As 
disclosed in those specifications, nucleic acid may be 
denatured reversibly by the application of an electrical 
voltage and such denaturation may be used as a step in a 
number of more complex tasks including hybridisation studies 
30 and nucleic acid amplification procedures such as PCR. 

Nucleic acids released from cells by methods according 
to the present invention may be further processed according 
the teachings of these specifications. 

Accordingly, the present invention includes a method of 
35 producing single-stranded nucleic acid which comprises 
releasing double stranded nucleic acid from cells by applying 
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a voltage of not more than 50 volts to a suspension of said 
cells with an electrode to release nucleic acid from said 
ceils and denaturing the double-stranded nucleic acid by 
applying the same or a different voltage to said suspension 
with said electrodes to convert said double-stranded nucleic 
acid to single-stranded nucleic acid. 

The range of voltage within which production of denatura- 
tion m this way is achievable will not be as wide as the 
range of voltage appropriate for producing cell lysis and 
accordingly it is preferred that in the denaturation stage, 
a voltage of from 0.5 to 3 volts is applied, more preferably 
from 1.5 to. 2.5 volts, measured as a voltage difference 
between the electrodes. 

As described in WO92/04^70, one may employ a promoter 
compound such as methyl viologen to produce more rapid 
denaturation. 

More generally, the promoter may be any inorganic or 
organic molecule which increases the rate or extent of 
denaturation of the double helix. It should be soluble in the 
chosen reaction medium. It preferably does not affect or 
interfere with DNA or other materials such as enzymes or 
oligonucleotide probes which may be present in the solution. 
Alternatively, the promoter may be immobilised to the 
electrode or included in material from which the electrode is 
constructed. it may be a water soluble compound of the 
bipyridyl series, especially a viologen such as methyl 
viologen or a salt thereof. Whilst the mechanism of operation 
of such promoters is not presently known with certainty, it 
is believed that the positively charged viologen molecules 
interact between the negatively charged nucleic acids such as 
DNA and the negatively charged cathode to reduce electrostatic 
repulsion therebetween and hence to promote the approach of 
the DNA to the electrodes surface where the electrical field 
is at its strongest. Accordingly, we prefer to employ as 
promoters compounds having spaced positively charged centres, 
e.g. bipolar positively charged compounds. Preferably the 
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spacing between the positively charged centres is similar to 
the spacing between the positively charged centres in violo- 
gen. Other suitable viologens include ethyl viologen. 
isopropyl viologen and benzyl viologen. 

Other promoters are described in W09>/i5224, i e 
multivalent cations such as magnesium. Other multivalent 
cations which are effective and which can be used include 
lanthanum (La 3+ ). The cations as the promoter may include 
inorganic cations complexed with inorganic or organic ligands 
e.g. Pt(NH 3 ) 6 4+ and Cr(NH 3 ) g 2+. The method of release of 
intracellular material of the present invention may be 
practised in the presence or in the absence of such a 
promoter, or in the presence or absence of a release promoting 
amount of any promoter. 


At least in the denaturation stage it is preferred that 
where the electrodes most closely approach one another, one 
or both of the electrodes is pointed. Such an electrode may 
be provided with a single point or a plurality of points. 
There appears to be some inter-relationship between the ideal 
voltage applied and the shape of the electrode and it may be 
that there is a preferred or ideal field gradient at the point 
of the electrode which can be achieved by adjustment of the 
voltage to suit the sharpness of the part of the electrode at 
which the denaturation takes place. Optionally, one can 
conduct the denaturation using a constant current supply 
rather than a regulated voltage and this may serve to compen¬ 
sate for variations in the geometrical set-up of the elec¬ 
trodes between different denaturation operations. 

Where a constant current regime is employed, it will 
generally be preferable to use a current of from 80 to 160 m a, 
e.g. about 100 to 125 jiA. 

Optionally, the process may be conducted using a three 
electrode system of the kind described in WOS£/tH 470 but 
generally it is preferred that the volume of solution employed 
according to this invention is small e.g. l m l or less 
preferably very small e.g. IQO M 1 or less, e.g. about 25 
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wJ° it' USin9 Very SraaU reaction volumes of this 

:;Lr raiiy noc be — “ - * 

each ^carrier 5 /' 9 ' °' lySiS “ d ° £ d —ation may 

d out at ambient temperatures or if desired at- 

■ «- 

• Each process may be carried out at a dh of f 
lZ 10 ' Cd " vs "-«ly about 7. Generally, more rapid dej™ 
IS obtained at lower pH. For some purposes theref 

PH somewhat below neutral e.g. about pH 5 5 °T 

pref err»=»H 1 HH ^ • 5 may be 

he cells may be suspended in an aqueous solution 
containing a buffer whose nature and ionic s tr! "T 
as not to interfere with the strand separation "prl/s 
Preferably, the solution contains a buffer at a 00 
-ation at least 10 m» e.g. about 2 S «. Optionally 

solution may contain further salts such as magnesium chloride 
and sodium chloride. Preferablv the ..,i /■ blonde 

a buffer of the v a raIerabl 5'- che mec hod is conducted in 
_ klnd used in PCR or in LCR procedures. 

erably, therefore the ionic strength of the solution 
is above 20 mM, e.g. 25 to 50 mM solution 

accor^ g r : o le t a r ^ nUClSiC ^ the denaturin g Process 

g o the invention may be incorporated as steps in a 

number of more complex processes, e.g. procedures ^i^! 

analysis and/or the amplification of nucleic acid Som! 

examples of such processes are described below. 

We have found that by virtue of n, 

petrochemical cell design described in ^^ 05 “! 

S fr e om C °i “T — 1 «. -an 3 mi,^^ 

materials h "““h 63 “ eV<?n in Che P r «-nce of 

materials such as PCR buffers. 

This makes it possible to practise a process of repeated 
denaturation of double-stranded nucleic acid wherein h! 

r r: h aCtd iS de " aCU ~ d by . process as described above in 
h e voltage is applied as sequence of repeated pulses 

having a duration of up to 2 minutes, preferably up to p"! 
minute. Between pulses, the voltage may be turned off OI 
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ZZTJZ::Z t d e“ hiCh iS . Prefe “ bly to Che period 

pulses of considerably 3 ^ 1S possible to employ 

above, e.g. from x describ *d 

“ hiCh thb denaturation is ^TnZoZT ^ ^ '» 
necessary to a ccea ' lt: may not be 

double-slra^f t7 3nY , SUbStanCial ™ ° £ conversion of 
denaturation C y cl e TTT^ ^ •«* 

denacuracion e^ocL^^ 

fication procedure if ff • nee, m an ampli- 

binding of a e £ T"? ™ Co allow 

may be relied upon * to SX ension of the primer by nuclease 

original nucleic acid f ^ **“ Unprimed stran d of the 

remainder of the lenerth f^h ^ blndlng P art ner over the 
the length of the nucleic acid 

The invention further provides a process of amnl • f • 
a target sequence of nucleic aoiH • amplifying 

amplifi ca ti on d , comprising hybridisation, 

nucleic acid is rele “" Ur ’ tl<>n ° f "“oleic acid wherein Che 
said denaturac aSSd fr ° m a cel1 ** described above and 

concaining MiTj.™^ • ^“Cion 

electrodes for a Mr ' j volcage applied beeween 

such as co coverc ac 1 2 =°" d i«ons 

* -dolly or parciallv V 3 P ° rCi ° n ^ ““ nUCleiC acid to 
Preferably che el c aln 9 le -stranded form in Che solucion. 

- as des^i^ 7: in such a — 

a repeating p ulse havina 7 ^ 93 iS applied a s 

preferably shorter e a “ration °f up to l minute but 

shorter, e'g. Ti 'to loo h" ^ °' 1 -ch 

IZTTJ’ Che amPlifiCaCi0n «”»“*“» is PCR or LCR. 

replicating a nucltiTLid^h^ lnClUdSS a process for 
stranded nucleic a^d f T : -leasing doable 

above,- separating the T T * * Pr ~— aS da -ribed 

nucleic acid in s I luc r a ° £ * d ° ubl *-stranded 

voltage applied cTthe , inflUe " Ca ° £ “ electrical 

the separated strands of ThT eleCCrode '' hybridising 

S the nucleic acid with at least 


one 
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llTZlllT'V ChaC hybridises “ ith « least one o£ 

extension product of thTo^^ nUClei= Sy " Chaaiai "9 an 

product of the or eacn primer which is suffi-i. 

complementary to the respective strand of the nucleic and X 

hybridise therewith; and separating the or each extens’ 

product from the nucleic acid strand with which 1C ■ 

hybridised to obtain the extension product. 

The replication process may be a step in a icp 

amplification procedure or a strand displLement assTy 

a noil" S 3 P ° lymerase media ted replication procedure e a 

:tr^; h : in reaction pr °~ du - ic - y - ,^1,: 

-1 cases to carry out denaturation to the ooint J 
pro ucing wholly single-stranded molecules of nucleic acid. 

may e sufficient to produce a sufficient local and/ 
temporary weakening or separation of the double helix in t7 
primet hybridisation site to allow the primer to bind 
target. Once the primer is in position on a first of thl 
arget strands, rehybridisation of the target strands in 
primer region will be prevented and the other target ZZ 
may be progressively displaced by extension of the primer or 
y further temporary weakening or separation processes, 
ef erably, the said renlirAt-inn 
comprises repeating the procedure^ inedlo^ 
for more than 10 cycles, e.g. up to 20 or 30 cycles ^h' 
salification process the hybridisation step TZZZTy 

out using two primers which are complementary to 
different strands of the nucleic acid. V 

as Oh?" denaCUraCi °" to «*• extension products as well 

orefe h7 131nal danaCUri ^ ° E «» <=-*9* nucleic acid il 
P erably carried out by applying to the solution of the 

nucleic acid the voltage from the electrodes. 

The process may be a standard or classical pcr 

fct amplifying at least one specific nucleic acid 3 “ 

contained in a nucleic acid or a mixture of nucleicT 7 

wherein each nucleic acid consists of two separate complement 
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cary strands, of equal or unequal length, which process 
comprises: 

(a) treating the strands with two oligonucleotide primers, 
for each different specific sequence being amplified, 
under conditions such that for each different sequence 
being amplified an extension product of each primer is 
synthesised which is complementary to each nucleic acid 
strand, wherein said primers are selected so as to be 
substantially complementary to different strands of each 
specific sequence such that the extension product 
synthesised from one primer, when it is separated from 
its complement, can serve as a template for synthesis of 
the extension product of the other primer; 

(b) separating the primer extension products from the 
templates on which they were synthesised to produce 
single-stranded molecules by applying the voltage from 
the electrode to the reaction mixture; and 

(c) treating the single-stranded molecules generated from 
step (b) with the primers of step (a) under conditions 
such that a primer extension product is synthesised 
using each of the single strands produced in step (b) as 
a template. 

Alternatively, the process may be any variant of the 
classical or standard PCR process, e.g. the so-called 

"inverted" or "inverse" PCR process or the "anchored" PCR 
process. 

The invention therefore includes the use of an amplifi¬ 
cation process as described above in which a primer is 
hybridised to a circular nucleic acid released from a cell as 
described and is extended to form a duplex which is denatured 
by the application of the denaturing voltage, the amplifi¬ 
cation process optionally being repeated through one or more 
additional cycles. 

The process of the invention is applicable to the ligase 
chain reaction. Accordingly, the invention includes a process 
for amplifying a target nucleic acid comprising the steps of 
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releasing Che target nucleic acid from a cell as described 
followed by: 


(a) 

providing nucleic 

nucleic acid; 

acid of a 

sample 

as single-stranded 

(b) 

providing in the 
probes, wherein: 

sample at 

least 

four nucleic acid 


i) the first and second said probes are primary 
probes, and the third and fourth of said probes are 
secondary nucleic acid probes; 


ii) the first probe is a single strand capable of 
hybridising to a first segment of a primary strand 
of the target nucleic acid; 

iii) the second probe is a single strand capable of 
hybridising to a second segment of said primary 
strand of the target nucleic acid; 

iv) the 5' end of the first segment of said primary 
strand of the target is positioned relative to the 
3' end of the second segment of said primary strand 
of the target to enable joining of the 3' end of 
the first probe of the 5' end of the second probe, 
when said probes are hybridised to said primary 
strand of said target nucleic acid; 

v) the third probe is capable of hybridising to the 
first probe; and 

vi) the fourth probe is capable of hybridising to the 
second probe; and 

(c) i) hybridising said probes with nucleic acid in said 
sample; 

ii) ligating hybridised probes to form reorganised 
fused probe sequences; and 

iii) denaturing DNA in said sample by applying a voltage 
to the reaction mixture. 

The electrochemical DNA release and amplification 
technique can be used analytically to detect and analyse a 
very small sample of DNA e.g. a single copy gene in an animal 
cell or a single cell of a bacterium. 
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The temperature at which the process is carried out may 
be chosen to suit whichever enzyme is used. Thus where T « 
used as polymerase, a temperature of 55 to S8°c i 
preferred. If Klenow polymerase is used, ambient temperature 
wrll be suitable. It may be desirable to employ known protein 
abilisation techniques to avoid electrical damage to the 
po y»eraae, especially where a mesophyllic polymerase is used 
The invention includes a process for detecting the 

'ZTZrZT- ° f 3 Predetermined nucleic acid sequence 
a cell which comprises: releasing nucleic acid from the 

cell as described, denaturing released double-stranded nucleic 

acid by means of a voltage applied to the nucleic acid 

hybridising the denatured nucleic acid with an oligonucleotide 

p obe for the sequence; and determining whether the said 
hybridisation has occurred. 

„vH -I hUS ' inVenCed process application in DNA and RNA 

hybridisation where a SDecifir 

specific gene sequence is to be identi- 

led e.g. specific to a particular organism or specific to a 

particular hereditary disease of which sickle cell anaemia il 

an example. To detect a specific sequence it is first 

necessary to prepare a sample of DNA, by the release of the 

DNA from a. cell as described which is in native double- 

L ° rm ' IC then necessar y c ° convert the double- 
stranded DNA to single-stranded form before a hybridisation 

tep with a labelled nucleotide probe which has a complemen¬ 
tary sequence to the DNA sample can take place. The process 
the invention can be used for this purpose in a preferred 
manner by carrying out the following steps: 

releasing DNA from a cell by the method described above- 
- denaturing the DNA by applying a voltage by means of an 
electrode configuration as described to the sample DNA 
with optionally a promoter in solution or bound to or 
part of the structure of the electrode; 
hybridising the denatured DNA with a directly labelled 
or indirectly labelled nucleotide probe complementary to 
the sequence of interest; and 
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determining whether the hybridisation has occurred 
which determination may be by detecting the presence of 
the probe, the probe being directly radio-labelled 
fluorescent labelled, chemiluminescent labelled or 
~ enzyme-labelled or being an indirectly labelled probe 

which carried biotin for example to which a labelled 
avidin or avidin type molecule can be bound later. 

In a typical DNA probe assay it is customary to immobi¬ 
lise the sample DNA to a membrane surface which may be com- 
10 posed of neutral or charged nylon or nitrocellulose. The 
immobilisation is achieved by charge interactions or by baking 
the membrane containing DNA in an oven. The sample DNA can 
be heated to high temperature to ensure conversion to single- 
stranded form before binding to the membrane or it can be 
15 treated with alkali once on the membrane to ensure conversion 

to the single-stranded form. The disadvantages of such 
methods are: 

heating to high temperature to create single-stranded 
DNA can cause damage to the sample DNA itself; 
the use of alkali requires an additional step of 
neutralisation before hybridisation with the labelled 
probe can take place. 

One improved method for carrying out DNA probe hybri¬ 
disation assays is the so-called "sandwich" technique where 
a specific oligonucleotide is immobilised on a surface. The 
surface having the specific oligonucleotide thereon is then 
hybridised with a solution containing the target DNA in a 
single-stranded form, after which a second labelled oligo¬ 
nucleotide is then added which also hybridises to the target 
30 DNA. The surface is then washed to remove unbound labelled 
oligonucleotide, after which any label which has become bound 
to target DNA on the surface can be detected later. 

This procedure can be simplified by using the cell lysis 
and denaturing process of the invention to denature the target 
35 DNA from double-stranded into the required single-stranded DNA 
which can hybridise to the immobilised oligonucleotide The 
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working electrode 

reference elecCrod e e Ode and optionally , 

* tSSC sur *ace or a well in whiThVh"” ^ inC ° rp ° r “^ into 
be carried out. The csll P *° b * *—y is to 

can then be added and the voltage abo^T^^^^ Probes 
denature the DMA. The reBulcln aPPlled C ° and 

hybridised with the specific oli Sin Sle-«randed DMA is 

the surface after which the remai imm °bilised on 

assay care carried out. All the a SCa9SS ° f a sandwich 

Without a need for high temperatures^ ““ take P^ce 

reagents as in ^h a em Peratures or addition of 

- relele" ~:r al 

and the denaturation of the ^uc^ *** CeU ° r Cel ^ 
under similar conditions in which^s ^h* ^ C ° nducted 

'vision between the steps of cell f * ^ ^ be n ° clear 
The nucleic acid may be denatured rS . eaSe and Saturation. 
Cells - ^ 33 lfc is -leased f rom the 

released ^orailTTo^l^^^ aCid may of =°urse be 
release of suc h other materials m K lnVenCion and the 
Way s i°r instance, the release of be . Utllised *» various 
ased as a step in an assay procedur^T^ Pr ° teins ma X be 
are detected. RNA released 177177 ^ S “ Ch pr °teins 

assays or amplified, e.g, by " hybridi *ation 

Generally, intracellular material! ° r , NASBA techniques, 
according to the invention may be util ^ meCh ° ds 

Purposes for „ h i ch such mat;eri ' lllSed for all of the 

released by conventional cell lvsi 6811 UC:Lllse <i when 

The invention win b e lL7l 

wrth reference to the accompanying dra^^ ^ iUusera <=«d 
Figure 1 is a cross-sectional v^ “ hich: - 

cell for use in accordance w^h che “ a ^«rical 

Figure 2 i «= , the lnv ention ; 

Of protein from cells; ? ° dUCSd ln Example 1 showing release 
of P ro F te 9 L re fro77l7! E * ample 2 Sh °”“9 release 
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Figure 4 is a gel produced in Example 3 showing PCR 
amplification of DNA released from cells; and 

Figure 5 is a cross-sectional view through an alternative 
electrical cell for use in the invention. 

The cell shown in Figure 1 comprises a glass container 
10 having two electrodes 14 dipping into a cell suspension 12 
therein. The electrodes 14 are parallel pointed carbon rods 
spaced by 5 to 8 mm and having a diameter above said tapered 
points of about 1 mm. A length of 5 to 15 mm of electrode is 
dipped into the suspension. 

alternative apparatus is shown in Figure 5 where the 
cell illustrated comprises a graphite block 10, containing a 
4 mm diameter well 12 on its upper surface, constituting a 
first electrode. A second electrode formed from a 2 mm 
diameter graphite rod 14 having a tapering end portion 16 is 
pressed into the well through an insulating collar of plastics 
mater lal 18 . The rod is adjusted down-wards in the well until 
it forms a short circuit and is then lifted back by as little 
as possible to open the circuit again. The capacity for 
liquid for the cell is approximately 25 fxl. A DC voltage is 
applied to the apparatus with the well being made positive 
with respect to the rod by preferably 1.6 to 2.5 volts. 

Although the rod electrode shown in Figure 1 is blunt 
ended, it provides a sharp edge between its flat end and its 
tapering frustoconical surface. An optional alternative 
configuration is for the rod to be sharpened to a point. This 
may be achieved by using a conventional pencil sharpener. The 
resulting electrode may be further smoothed using a blade or 
abrasive. Using such a pointed electrode, the capacity for 
liquid of the well is increased to 40 ill . 

Multiple processes according to the invention may be 
carried out simultaneously in apparatus containing a multi¬ 
plicity of sample receiving wells each provided with a 
respective electrode pair, one electrode in each case 
optionally being the well itself. In a preferred form for 
such apparatus a block containing the wells has a liftable lid 


35 





wo 97/08293 


-15- 


PCT/GB95/02024 


^ith slectrod j 

may have a pal" o^ltctUde lnt ° ^ “ eils ' Each well 

e . leCt ^de Cha lid *" ^ou. possible 

Plates, optionally of mesh or ' Parallel 

5 optionally o£ Z em Z C °T h ° ll0W Cyli " d «=. again 

provided on the lid £or Si " 9la electrodes may be 

“l 113 " ay ^ conductive and “ ^ W ° Ck C °" ta “ing the 
electrode. The blo=k J Sab ve as a common second 

electrodes for each weU may als ° contain respective 

ma y comprise a flah i 

-lecerode or electrodes for each «» 

member bearing electrical con ^ 3 SeparaCe baching 

connects ud t-v, , n nections and circm'i-v , 

* up the electrodes W h Pn t, circuitry which 

A single pi - . uen the two Darts = 

are electrical supply to the • assembled, 

circuitry anH y C che unit may be sd 1 i> k 

Y and supplied in ^ pilt h Y said 

electrodes such that h ? controlled manner to the 

constant voltao ° electrode is controlled 

v oitage or constant- „ ' e -9- to a 

° ar ' yln » electrode arnal ^ Plata Portion 
without replacement of the contr^ *" replaceable 

disposable. The porti °" p ClrCU1Cry aad may be made 

aligned with one another on ^ baCk1 " 9 may be 

apertures and may sTmTlarly b' " * l0C3ti " 9 

containing the wells, which / / , 19nad with Che block 

The following „„ , 1S ° may be disposable, 

invention. P * lllu strate methods according to the 

Examplo 1 

coli strain o„Sm F (G i bco . 

average cell density achi a 3 BerCani medium. The 
Harvested cells were washed “ 3S " 7 10 * cells ml"! 

-suspended in 1/s o£ £^ a . „ and 

carbon electrodes were placed in th ° ri9ina l culture. Two 
\ 3nd voltages Of “ ^ aS ah own i„ Figure 

minutes. Positive 8 Were a PPlied for 2 ^ - 

The cell debris cont rol samples were boiled for 5 

aebri s w as pelleted by centra minutes. 

trifugation at 5000 rpm for 
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5 minutes and 20 /xl of the supernatant was analysed by 
electrophoresis on a polyacrylamide gel, stained with 
Coomassie blue. The data demonstrate that applying a 

potential difference of 8 volts and 4 volts for 5 minutes 
5 (d.c.) resulted in protein release from the cell. Similar 

results are obtained using alternating voltage of 2 to 8V. 

Example 2 

The same experimental conditions were used as in Example 
10 1 above but using reduced electrocution times at 8 volts. 

This resulted in the release of protein from the cell even 
after only l minute. 

Example 3 

15 In orde r to demonstrate DNA release and to increase the 

sensitivity of detection we assessed cell lysis by amplifying 
DNA using the polymerase chain reaction. 

Escherichia_coli, strain DH5aF (Gibco, BRL) were 

transformed with pBR322 (Sigma) and grown overnight in Luria 
20 Bertani medium containing 100 ngml' 1 ampicillin. The average 
cell density achieved was 1 x 10 s cells ml -1 . Cells were 
harvested by centrifugation at 10000 rpm for five minutes and 
washed in PCR buffer (10 mM Tris, 50 mM KCl, 2.5 mM MgCl 2 , pH 
8.3) . Cells were resuspended in PCR buffer at a concentration 
^ five times that of the original. Positive control samples 
were treated by boiling for 5 minutes. 

Two carbon probe electrodes were placed into the sample 
and 4-8 V (d.c.) was applied (power supply; Thurlby 3 0V, 2A) 
for between 0.5 to 2 minutes. The cell debris was pelleted 
30 and supernatants were analysed by PCR. PCR conditions were 
as follows; o.l Ml/ml of sample in PCR buffer (as above), l^M 
(each) of primers ATGCGTCCGGCCGTAGAGGAT and GTATCACGAGGCCCTT, 
20 0 mM of each of dATP, dCTP, dGTP, dTTP, 5U/ml AmpliTaq DNA 
polymerase (Perkin Elmer). All reagent concentrations are 
given as the final concentration in a reaction volume made up 
with PCR buffer (as above) . Amplified DNA was analysed on 
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agarose gels stained with ethidium bromide. An amplified DNA 
fragment of the expected molecular weight (417 bp) was 
observed in samples which had been subjected to the shortest 
test time of 30 seconds (see Figure 3). The density of the 
bands indicated that cell lysis, induced by an applied 

'/outage, released DNA in excess of the background (non- lysed 
cells control) level. 
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CLAIMS 


A method for producing release of intracellular material 
from one or more cells comprising applying a voltage of 

not more than 50 volts to a suspension containing said 
cell or cells. 


2. A method as claimed in Claim 1, wherein said voltage is 
from 0.5 to 50 volts. 

10 

3. A method as claimed in Claim 1, wherein said voltage is 
from 0.5 to 15 volts. 


A method as claimed in Claim 1, wherein said voltage is 
from 1 to 10 volts. 


5 . 

20 

6 . 


A method as claimed in any preceding claim wherein said 
voltage is applied between electrodes spaced by no more 
than 5mm in said suspension. 

A method as claimed in any preceding claim wherein said 
voltage is applied between electrodes spaced by no more 
than 5mm in said suspension. 


A method as claimed in Claim 6, wherein said electrode 
spacing is no more than 1.5 mm. 


8. A method as claimed in Claim 6, wherein said electrode 
spacing is no more than 0.5 mm. 

30 

9- A method as claimed in any preceding claim, wherein said 
cells are bacterial cells, yeast cells, plant cells, 
animal cells, insect cells or human cells. 

35 10. A method as claimed in any preceding claim, wherein said 

voltage is applied for a period of at least 30 seconds. 
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11 ' A mech od as claimed in r-i ■ 

** a periodof a^eaY^" ^ U 

at least 2 minutes. 

12 ' A mechod as claimed in clai , 

applied continuously for a Wherein said voltage i s 

a said period. 

L3 • A method of nr^, • 

comprises releasi^d^^ sYnT^ acid which 

CeUS ^ Wlying a voltage of not nUCleiC aCid 
a suspension of said cell! „° th **" S ° TOlts to 

nucleic acid from said cells ^ C ° "*•— 

stranded nucleic acid bv “ ^ 

different voltage to said p P 1 >' ln 9 the same or a 

c ° — ert said d o; b r e s d c ;::rr ion with said 

Stranded nucleic acid. nUCleic acid single 

• A method as claimed in Claim ,, 

danaturation. . voltage J" 13 _ " h «ain to produce said 
applied. from 0-5 to 3 volts i s 

A method as claimed in claim ,, 

denaturation, a voltage of \ ' “ Pr ° dUce said 

applied. 9S ° f 1.5 to 2.5 volts is 

wherein the^enltuTation ^ ^ ° f ClaimS 13 to 15 
a Promoter which assists YTc^Yn^ PreSanCa 

A method as claimed in claim ,» 

compound is methyl vioiogen or a ^ pr °™°^ 

multivalent inorganic cation " the ~ of - a 

A process of ampli fyina - „ 

acid comprising denaturatioY ° f nucle ic 

replication of nucleic acid „ h e • hybridis ation, and 

released from a cell by a meThT" nUCleid adid - 

method as claimed i„ any Qne 
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of Claims 1 to 12 and said denacuration is conducted bv 
subjecting a solution containing said nucleic acid to a 
voltage applied between electrodes for a period of up to 
minutes under conditions such as to covert at least a 
portion of the nucleic acid to a wholly or partially 
single-stranded form in the solution. 

19. An amplification process as claimed in Claim 18, wherein 
the amplification procedure is PCR or LCR. 


20 
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A process for replicating a nucleic acid which 
comprises: releasing double stranded nucleic acid from 
ce s by a method as claimed in any one of Claims 1 to 
12; separating the strands of a sample double-stranded 
nucleic acid in solution under the influence of an 
electrical voltage applied to the solution from ann 
electrode; hybridising the separated strands of the 
nucleic acid with at least one oligonucleotide primer 
chat hybridises with at least one of the strands of the 
enatured nucleic acid; synthesising an extension 
pro uct of the or each primer which is sufficiently 
complementary to the respective strand of the nucleic 
acid to hybridise therewith; and separating the or each 
extension product from the nucleic acid strand with 
which it is hybridised to obtain the extension product. 

A process for detecting the presence or absence of a 
predetermined nucleic acid sequence in a cell which 
comprises: releasing nucleic acid from the cell by a 
method as claimed in any one of Claims i to 12, 
denaturing released double-stranded nucleic acid by 
means of a voltage applied to the nucleic acid; 

ybridismg the denatured nucleic acid with an 
oligonucleotide probe for the sequence; and determining 
w ether the said hybridisation has occurred. 
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